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Abstract 
In this paper, the technical efficiency and the super-efficiency of a representative sample of the commercial banking institutions 
in Slovakia is analysed with the aid of well-known radial and non-radial DEA models: (i) the BCC model of Banker, Charnes and 
Cooper; (ii) the SBM model of Tone; and (iii) the super-efficiency SBM model of Tone. This paper differs from the so far 
published literature, as it extends the application of the BCC and the SBM model by the super-efficiency SBM model which is 
able also to rank efficient units. Two implications of gained results for managerial and regulatory purposes are then drawn. First, 
the management of the banking institutions with the poorest performances should change their managerial procedures and adopt 
enhanced-incentive policy. Second, the regulatory body should foresee an effort of the banking institutions licenced by the local 
central bank to become the branch office of the foreign bank.  
 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of the Organizing Committee of ECE 2014. 
Keywords: Banking; DEA; BCC model; SBM model; Super-efficiency SBM model; Pearson correlation coefficient; Spearman correlation 
coefficient. 
1. Introduction 
The economic growth and development of any economy hinges strongly on the proper functioning of the banking 
system. It is considered to be the backbone of the most economies and plays a vital role in attaining economic 
growth. The banking system not only contributes to economic growth, but also depends on it. The performance of 
the banks is determined by internal factors specific to the banks and by external macro- and micro-economic factors 
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unique to the environment in which the banks perform their activities. As all these factors influence the degree of 
efficiency of the banks, the nexus between the internal and external bank environment demands the special attention 
of the regulatory bodies, shareholders, and managers of banks as well. 
This contribution deals with the technical efficiency and the super-efficiency of the banking institutions which 
operated in Slovakia in 2012. Analyses of the efficiency and the economic performance of banking institutions can 
be performed with the help of both parametric and non-parametric methods. For the comparison of these methods 
see Berger and Humphrey (1997), Berger and Mester (2003). Whereas a parametric method restricts a production 
function to a certain parametric form which is then estimated, a non-parametric method avoids the formulation of a 
parametric production function and constructs on some well-understood economic principles of the production 
possibility set.  
The non-parametric DEA method, which is applied in this paper, allows to create an efficiency frontier and to 
evaluate the efficiency of a decision unit (banking institution). The conventional DEA models are designed to 
maximize the relative efficiency of each decision unit, provided that the relative efficiency scores obtained in this 
way for each decision unit are also feasible for all the other decision units in the data set. Therefore both, reference 
points, the relatively efficient units that define the efficiency frontier, as well as the inner points, that are below the 
efficiency frontier, are identified. In contrast, the super-efficiency model in DEA excludes each observation from its 
own reference set, so that it is possible to obtain efficiency scores that exceed one. 
Because of its deterministic character, the DEA method entails the hypothesis that all deviations from efficiency 
are caused by the decision unit. Nevertheless, there are some elements, such as the legislative framework, the level 
of competition, the influence of crisis, that cannot be controlled by the company, which also effect performance of 
the unit under investigation. 
There has been intensive research on measuring efficiency of commercial banking institutions and their 
benchmarking. For example, Řepková and Stavárek (2012) analyzed the Czech banking sector and its efficiency 
over the period of 2000 to 2009, Wozniewska (2008) examined the efficiency of the Polish banking sector over the 
period of 2000 to 2007, and, eventually, Zemanová (2007) in her analysis of the Slovak banking sector covered the 
short period of 2002 and 2003. This study also deepens research conducted by the author in collaboration (Boďa and 
Zimková, 2013a, 2013b) which centred on selected aspects of technical efficiency of the Slovak banking sector. 
Although the majority of the studies relied upon both nonparametric and parametric techniques to evaluate the bank 
performance in terms of efficiency, they utilized in their quest rudimentary DEA models, the model by Charnes, 
Cooper and Rhodes (1978) addressed conventionally as the CCR model and the model by Banker, Charnes and 
Cooper (1984) addressed conventionally as the BCC model. In their papers, Boďa and Zimková (2013a, 2013b) 
applied a more advanced DEA model, the slacks-based model by Tone (2001). However, they did not address the 
issue of ranking technically efficient commercial banks. This paper differs from the so far published literature, as it 
extends the application of the BCC and the SBM model by the super-efficiency SBM model which is able also to 
rank efficient units. 
In defining inputs and outputs of banks for the study of efficiency issues, one must choose from several known 
approaches. There is no consesus on this point, nor is the there consensus on the choice of techniques to measure 
efficiency. Different approaches to the defining of inputs and outputs and the use of different models bring 
information which define technical efficiency of the banking institution from the complementary point of view.  
The aim of this paper is to benchmark individual commercial banking institutions in Slovakia with respect to their 
technical efficiency and super-efficiency under the intermediation definition of efficiency. The input oriented 
version of the BCC, the SBM and the super-efficiency SBM models under variable returns to scale are applied to a 
set of inputs and outputs of the Slovak banking institutions to rank their technical efficiency and super-efficiency in 
2012. The gained results can be used either by the national regulator or by the management of the banks. 
 The paper is structured into 4 sections, the first of which is introductory and the last section is a conclusion. The 
introductory part contains a brief description of a motivation to benchmark technical efficiency of the commercial 
banks operating in Slovakia and to rank all the efficient units completely. The second part of the paper is devoted to 
the methodology and the data set. The intermediation approach to technical efficiency and super-efficiency of the 
sixteen commercial banking institutions in Slovakia estimated by the input-oriented version of the BCC-I, the SBM-
I, and the super-efficient SBM-I model. The data used in the empirical analysis are the 2012 yearly data of balance-
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sheet items disclosed by the TREND Holding, s. r. o., Bratislava. The third section brings results and discussion. 
From the gained results it comes out that transformation of deposits, human sources and fixed assets into earning 
assets was successfully transformed by more than half of banking institution under the research, which became 
technically efficient under intermediation the BCC-I and the SBM-I models. The super-efficient SBM model lines 
up the technically efficient banks. Finally, paper includes concluding remarks. 
2. Methodology and data 
The choice of inputs and outputs is usually a critical part of analysis, as it involves measuring different aspects of 
the banking firm. Indeed, it is impossible to fully capture the whole range of banking activities, due to their 
multiproduct nature. Another often discussed issue is the role of deposits, which have both input and output 
characteristics. So far three main approaches have been developed and used both in theory and practice, and these 
are the intermediation approach, the service-oriented approach and the profit approach (see e.g. Boďa and Zimková, 
2014). The most commonly used approach in the European banking industry is the intermediation approach which 
recognizes intermediation as the core activity – banks are not producers of loan and deposit services. Instead, 
deposits (and other selected variables) are treated as inputs and loans and investments are treated as outputs. In this 
paper the technical efficiency and super-efficiency under transmission approach is investigated. 
In our analysis, the banking sector in the Slovak Republic is represented by 16 banking institutions. Ten banks 
have the status of foreign banks licensed in the Slovak Republic (Slovenská sporiteľňa, a. s. – denoted as SLSP; 
Všeobecná úverová banka, a. s. – denoted as VUB; Tatra banka, a. s. – denoted as Tatra banka; Československá 
obchodná banka, a. s. – denoted as CSOB; UniCredit Bank Slovakia, a. s. – denoted as UniCredit Bank; Poštová 
banka, a. s. – denoted as Postova banka; Prima banka Slovensko, a. s. – denoted as Prima banka; OTP Banka 
Slovensko, a. s. – denoted as OTP banka; VOLKSBANK Slovensko, a. s. since 2013 Sberbank Slovensko, a. s. – 
denoted as Volksbank; Privatbanka, a. s. – denoted as Privatbanka) and six are the branch offices of foreign banks 
operating in the Slovak Republic (ZUNO BANK AG, branch office of foreign bank – denoted as Zuno Bank AG; 
ING Bank N. V., branch office of foreign bank – denoted as ING Bank N. V.; Citibank Europe plc, branch office of 
foreign bank – denoted as City Europe, plc; Oberbank AG, branch office of foreign bank in the Slovak Republic – 
denoted as Oberbank AG; Komerční banka, a. s., branch office of foreign bank – denoted as Komercni banka; J & T 
Banka, a. s., branch office of foreign bank – denoted as J & T Banka). This group of the banking institutions 
concisely represents the banking sector in the Slovak Republic as it covers more than 95 % of the banking assets. 
Hence the results of this paper can be interpreted as being representative of the total banking sector in Slovakia. To 
assure consistency of the analysis, building societies and special financial institutions are not under consideration. 
On the other side, the well-established branch offices of foreign banks are also under consideration, what enables to 
test the hypothesis that they can be technically efficient too as they benefit from the know-how of the head-quarters. 
In this case the national regulation body can expect the further outflow of the banks licensed in the Slovakia and 
their transformation into branch office of a foreign bank.  
The data used in the empirical analysis are the 2012 yearly data of balance-sheet items disclosed by the TREND 
Holding, s. r. o., Bratislava. 
Table 1. Variables used in the technical efficiency analysis (source: the author) 
Variable Definition Abbreviation 
Inputs   
Employees Number of full-time employees EM 
Deposits Deposits  D 
Fixed assets Property and Equipment FA 
Outputs   
Earning assets Loans and commercial papers held to maturity EA 
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The intermediation approach to technical efficiency and super-efficiency of the commercial banking institutions 
in Slovakia used in this paper is captured by the set of inputs and outputs. The inputs include the number of full-time 
employees, deposits and property and equipment of the baking institutions. The outputs include the loans and 
commercial papers held to maturity to recognize multiproduct nature of the banking institution. 
In evaluating the technical efficiency of the 16 Slovak commercial banks whose list is provided in an earlier 
paragraph, three DEA models were used, the BCC model of Banker, Charnes and Cooper (1984), the SBM model of 
Tone (2001) and the super-efficiency SBM model of Tone (2002). Whilst the first of these models explicitly 
assumes variable returns to scale of production technology, the other two models may be used in combination with 
other assumptions. Nevertheless, to assure consistency of results and their comparability, for both the SBM model 
and its super-efficiency variant, the assumption of variable returns of scale is retained. In addition, the input-oriented 
versions of these models are undertaken in the study.  
In the formulation of the DEA models used in the study, attention is given to the fact that there are 16 commercial 
banks of the Slovak banking sector representing the role of decision-making units, 3 inputs and 1 output as reported 
in Table 1. Any decision-making unit o, o  {1,..., n}, uses a vector xo = (xo1, xo2, xo3)′ of input to produce the 
corresponding scalar value yo of output. 
The elements of the input vector and output scalar are positive. Individual inputs have a corresponding vector of 
potential slacks sxo = (sxo1,..., sxo3)′ and a potential slack of output is denoted as syo. These quantities state how 
individual inputs and outputs must be improved in order that decision-making unit o become efficient (whereas 
vector of inputs xo need be reduced by sxo, quantity of outputs yo need be increased by syo). These slacks are to be 
identified by DEA and serve as an exclusive basis of efficiency calculation of respective decision-making unit o.  
For each decision-making unit o, o  {1,..., n}, it is necessary to solve an optimization task model under the 
assumption of variable returns to scale. In the presentation of this models, λ represents a vector of 16 non-negative 
elements by which linear combinations in the production possibility set are constructed and the production 
possibility set is spanned. The restrictions of the optimization task construct the production possibility set with 
respect to 16 decision-making units and their observed inputs x1,..., xn and outputs y1,..., yn as well as their convex 
linear combinations in 3 and  respectively. In solving the input-oriented BCC model, the following linear 
optimization task is thus to be addressed, 
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The symbol “t” at a vector denotes that respective elements of this vector are non-negative and at least one element 
is non-zero. The coefficient θ has values in the interval [0,1] and it is the BCC score of technical efficiency (for a 
respective decision-making unit o). This optimization task is accompanied in the second stage by a similar program 
to identify and particularize the input slacks sxo). However, the second-stage of the BCC model is omitted here. If 
the input slacks are zero (and sxo = 0) and the decision-making unit attains a unit BCC score of technical efficiency 
(i.e. θ = 0), this decision-making unit is found technically efficient with this model. 
In solving the input-oriented SBM model, the following non-linear optimization task had to be addressed, 
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The coefficient ρ takes values at interval [0,1] and it is the SBM score of technical efficiency (in this case of 
decision-making unit o whose optimization task (2) is solved). If for some decision-making unit ρ = 1 happens to be 
the case, this decision-making unit is termed SBM-efficient, which means that it is technically efficient in the sample 
of n decision-making units to be evaluated. 
It may be demonstrated that a decision-making unit is found technically efficient with the BCC model if and only 
if it is found technically efficient with the SBM model (see e.g. Cooper, Seiford and Tone, 2007, p. 104). 
Sometimes, a large number of technically efficient decision-making units is found. For the purpose of their ranking 
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the super-efficiency concept has been devised. If a decision-making unit o is to be evaluated, the main idea of this 
approach is to remove this unit from the production possibility set and to investigate how this affects their status in 
the efficiency evaluation. The optimization task of the super-efficiency SBM model is similar to (2) but there is a 
slight difference in the constraints of the left-hand side of the presentation. Now the decision-making unit o to be 
evaluated no longer spans the production possibility set, and therefore 
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Now ρ represents the super-efficiency SBM score and is not restricted to interval [0,1] anymore. Its value is always 
non-negative and for SBM technically efficient decision-making units it is not smaller than 1. There are two 
interpretations of this score. The higher its value, the higher is technical efficiency of the respective decision-making 
unit. It can alternatively be used for finding outliers in the data set under analysis. Large values of super-efficiency 
(such as 4 or higher) indicate that the respective decision-making unit is of impact on the production possibility set 
and should be treated without a doubt as an outlier.  
3. Results and discussion 
All DEA computation were done by DEA-Solver learning version 3.0 and the results are listed in Table 1, which 
presents information about the BCC-I technical efficiency score, the SBM-I technical efficiency score and the super-
efficiency SBM-I score, ranking each individual banking institution under the research. 
 
Table 2. The results of DEA models 
  BCC-I  SBM-I  Super-efficiency SBM-I 
No. DMU Score Rank Score Rank Score Rank 
1 SLSP 1.000 1 1.000 1 1.000 7 
2 VUB 0.963 11 0.820 11 0.820 11 
3 Tatra banka 1.000 1 1.000 1 1.279 4 
4 CSOB 0.898 13 0.780 12 0.780 12 
5 UniCredit Bank 0.978 10 0.825 10 0.825 10 
6 Postova banka 1.000 1 1.000 1 1.044 6 
7 Prima banka 0.957 12 0.772 13 0.772 13 
8 OTP banka 0.631 14 0.473 15 0.473 15 
9 Volksbank 0.614 15 0.546 14 0.546 14 
10 Zuno Bank AG 1.000 1 1.000 1 1.000 7 
11 Privatbanka 0.453 16 0.437 16 0.437 16 
12 ING Bank N.V. 1.000 1 1.000 1 1.395 2 
13 Citi Europe plc. 1.000 1 1.000 1 1.000 7 
14 Oberbank AG 1.000 1 1.000 1 1.327 3 
15 Komercni banka 1.000 1 1.000 1 3.851 1 
16 J&T Banka 1.000 1 1.000 1 1.110 5 
Source: the author 
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From the gained results it comes out that transformation of deposits, human sources and fixed assets into earning 
assets was successfully achieved by more than half of banking institution under the research: Slovenská sporiteľňa, 
a. s., Tatra banka, a. s., Poštová banka, a. s., ZUNO BANK AG, branch office of foreign bank, ING Bank N. V., 
branch office of foreign bank, Citibank Europe plc, branch office of foreign bank, Oberbank AG, branch office of 
foreign bank in the Slovak Republic, Komerční banka, a. s., branch office of foreign bank, and J & T Banka, a. s., 
branch office of foreign bank. Among them, three are the foreign banks licensed in the Slovak Republic while six of 
them have got status of the branch offices of foreign banks operating in the Slovak Republic. Listed banking 
institutions were found technically efficient according the BCC-I and the SBM-I models. As it can be observed, use 
of the radial BBC-I and the non-radial SBM-I model brought a slight differences in ranking of the banking 
institutions.  
According to Table 2, the Komerční banka, branch office of foreign bank, was found as the super-efficient 
banking institution operating under variable return to scale in the Slovak Republic in 2012. The bank acts in the 
Slovak Republic since 1995 and it is a part of the international financial group Société Générale. It provides services 
exclusively to corporates and focusses on the large a medium sized companies (in the local scale) with the turnover 
higher than EUR 40 million. Special emphasis in this banking institution is given to developing of new products as 
well as perfection of traditional services. Among them the most important are cash management, investment 
banking, trade finance, payment cards, etc. The ING Bank, N. V., branch office of foreign bank with the head-office 
in Amsterdam, achieved the second position in the super-efficiency ranking. The branch operates in Slovakia since 
1992, as a first branch office of foreign bank in Slovakia, and it is a part of the large international ING Groep N. V. 
In addition to the basic banking services of lending, payments and cash management, it provides tailored banking 
services for corporate clients as structured finance, factoring, equity banking solution and debt capital management. 
The Oberbank AG, branch office of foreign bank in the Slovak Republic, was identified as the third best super-
efficient bank. The bank is a part of so called 3 Banken Gruppe, together with Bank fuer Tirol und Vorarlberg and 
Bank fuer Kaernten und Steiermark. Besides Austria, the bank operates in the Czech Republic, the Slovak Republic, 
Germany and Hungary as a strong regional bank. On the contrary to the Komerční banka and the ING Bank, N. V., 
it provides services to retail as well as to the wholesale clients. Besides deposit and credit services, it provides 
insurance assistance and intermediates the mortgages. The fourth rank in the SBM supper-efficiency is identified for 
the Tatra banka, a. s. which belong to the three of the largest banks in the Slovakia regarding the assets. In 
environment of the decreasing interest rate margins, the Tatra banka, a. s. managed to transform the analysed inputs 
into outputs more efficiently than Slovenská sporiteľňa, a. s. and Všeobecná úverová banka, a. s. Especially the last 
mentioned bank was found as inefficient, as it ranked on the eleventh position. The worst results identified by all 
used DEA models has got the Privatbanka, a. s. due to the deterioration on the securities market. Negative position 
was likely influenced by the publicized investigation of the Ministry of Interior of the Slovak Republic in 
connection with money laundering of bank’s clients. Those suspects were not affirmed yet. The second worst results 
have got VOLKSBANK Slovensko, a. s. which changed ownership in 2013 and operates under the name Sberbank 
Slovensko, a. s. and the OTP Banka Slovensko, a. s. In all those cases managers should change their procedures and 
adopt enhanced-incentive policy. 
Pearson coefficients applied on the gained efficiency scores show in Table 3 a high degree of positive correlation 
between efficiency scores of the radial BCC-I model and efficiency scores the non-radial SBM-I model. A high 
degree of positive correlation between efficiency scores of the radial BCC-I and efficiency scores the non-radial 
SBM-I model proves an accuracy of technical choice of conventional models. 
Table 3. Pearson coefficients of efficiency scores (source: the author] 
  BCC-I SBM-I SE-SBM-I 
BCC-I 1   
SBM-I 0.93886 1  
SE-SBM-I 0.42605 0.503619 1 
786   Emília Zimková /  Procedia Economics and Finance  12 ( 2014 )  780 – 787 
As the super-efficiency SBM-I model lines up all efficient banking institutions and its role differs from the 
conventional DEA models, the degree of linear dependence between efficiency scores of the BCC-I and efficiency 
scores of the SE-SBM-I as well as between efficiency scores of the SBM-I and efficiency scores of the SE-SBM-I is 
obviously not high. 
Table 4. Spearman coefficients of efficiency scores  
  BCC-I SBM-I SE-SBM-I 
BCC-I 1   
SBM-I 0.996639 1  
SE-SBM-I 0.928557 0.932981 1 
Source: the author 
As expected, the Spearman correlation coefficients displayed in Table 4, which are defined as the Pearson 
correlation coefficients between the ranked variables, display that relations between BCC-I and SBM-I, SBM-I and 
SE-SBM-I, as well as between BBC-I and SE-SBM-I are monotonically related, even if their relationship is not 
linear.  
Differences in the banks prompt a number of questions, the answers to which are important to managers 
(especially those working in the area of bank strategy) and regulatory bodies. This paper provides answers to the key 
question: How widely do banks vary in the technical efficiency with which they use resources and how their 
benchmark looks like. As it comes out from the input-oriented BCC-I model and the SBM-I model, there is 
considerable variation in technical efficiency. The Privatbanka, a. s. reached efficiency score only 0.453 by the 
BCC-I model and 0.437 by the SBM-I model when benchmarking to efficient banking institutions. It is evident that 
transformation of deposits, human sources and fixed assets into earning assets was not efficient in this case. On the 
contrary, the supper-efficiency reached by three branch offices of foreign banks operating in the Slovak republic 
which lead the rank of the super-efficient banking institutions in 2012 in the Slovak Republic (the Komerční banka, 
branch office of foreign bank, the ING Bank, N.V., branch office of foreign bank, and the Oberbank AG, branch 
office of foreign bank) proved the hypothesis, that the branch offices can reach a technical efficiency and also super-
efficiency when when they are compared to banks licenced in the Slovak Republic. It is worth to mention, that the 
Komerční banka, branch office of foreign bank and the INB Bank, N.V., branch office of foreign bank, are 
wholesale oriented and their banking products are tailored to meet specific requests of their clients. All branch 
offices of foreign banks benefit from the know-how of their head-offices. The regulatory body in the Slovak 
Republic should get acquainted with this results, as it might influence the future development in the Slovak banking 
field. In effort to increase a technical efficiency of a performance, the banking institutions operating in the Slovakia 
might prefer to work as branch offices of foreign bank and thus the banking industry operating in Slovakia might 
become beyond control of the Slovak regulatory body. Under the current stage of the banking regulation and 
supervision, the banking institutions in the European Union make use of the single licencing passport which allows 
them to operate in all European countries once they get the licence from one member state. 
4. Conclusion 
Overall we can state, that in 2012, a year in which the European sovereign debt crisis and the political efforts 
towards combating the crisis were the predominant issue, the banking institutions in Slovakia showed not 
satisfactory development. The net profit of the banking sector was EUR 488 million, which translates to a year-on-
year drop of 27 %. The results were adversely affected by the introduction of an additional levy on selected 
liabilities. The growth of the Slovak economy slowed, and reduced economic activity was also reflected in the 
banking sector and in reduced demand for loans. 
Empirical results of this paper regarding the technical efficiency and the super-efficiency of the banking 
institutions in Slovakia in 2012 under transmission approach show that the level of efficiency differ from one bank 
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to another. More than half of institutions under research were found technically efficient by applying conventional 
the input-oriented BBC-I and SBM-I models under variable return to scale. Consequently the input-oriented super-
efficiency SBM model provided the list of the super-efficient banking institutions in the Slovak Republic under 
variable return to scale. The super-efficient banking institution operating under variable return to scale in the Slovak 
Republic in 2012 was found the Komerční banka, a. s., branch office of foreign bank, followed by the ING Bank, 
N.V., branch office of foreign bank, the Oberbank AG, branch office of foreign bank in the Slovak Republic, and 
the Tatra banka, a.s. The worst results identified by all used models have got the Privatbanka, a. s., VOLKSBANK 
Slovensko, a. s. which changed ownership in 2013 and nowadays operates under the name Sberbank Slovensko, a. s. 
and the OTP Banka Slovensko, a. s. In all those cases managers should change their procedures and adopt enhanced-
incentive policy. Another statement of the paper is that in effort to increase a technical efficiency of a performance, 
the banking institutions operating in the Slovak real economy might prefer to work as branch offices of foreign 
banks. Thus the banking industry operating in Slovakia might in future become beyond control of the Slovak 
regulatory body. 
An accuracy of technical choice of conventional models is proved by a high degree of positive correlation 
between efficiency scores of the radial BCC-I model and efficiency scores the non-radial SBM-I model. 
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